New relations between the intrinsic parameters δ k which describe the longitudinal spin polarization of Auger electrons and α k which describe the anisotropy of their angular distribution are found. The relations are valid for arbitrary Auger transitions with initial (J i ) and final (J f ) angular momenta satisfying the condition
Recently, some interest has arisen in the relations between the dynamical parameters which describe the angular distribution and spin polarization of Auger electrons. Within the framework of the conventional two-step ansatz these parameters are presented as products of the alignment or orientation tensors describing the anisotropy of the decaying Auger state and the so-called intrinsic parameters characteristic for a particular Auger transition. In early works it was taken for granted that the intrinsic parameters characterizing the spin polarization and the angular distribution are independent (Kabachnik and Sazhina 1990) . However, recently it was discovered that they may be mutually related, and explicit equations connecting them have been found for some particular Auger transitions (Schmidtke et al 2000 , 2001 , Kabachnik and Grum-Grzhimailo 2001 .
The problem of inter-relation between intrinsic parameters is intimately connected with the problem of the so-called 'complete experiment' for Auger transitions, i.e. experimental determination of the Auger decay amplitudes and their relative phase-shifts. The mere existence of the relations between experimentally observable parameters means that the number of measurements composing the complete experiment should be increased (see the discussion in Schmidtke et al 2000 Schmidtke et al , 2001 or at least the strategy of the measurements should be changed. While we know the relations for some particular Auger transitions, the general relations between intrinsic parameters for an arbitrary transition are still unknown. Also unknown is the number of such relations as well as the physical reason which is behind the mathematical relations.
As a contribution to the solution of this problem we report on new relations found between intrinsic parameters characterizing the longitudinal spin polarization and angular anisotropy of Auger electrons. These relations are rather general. The only condition of their validity is that the angular momenta of the initial state (J i ) and of the final state (J f ) should satisfy the inequality J i > J f . As shown below, in this case the existence of the relations is connected with a complete spin polarization of Auger electrons emitted in the forward direction.
Consider an Auger decay of a prepared atomic state which is characterized by the total angular momentum J i . Without losing generality we suppose that the state is axially symmetric and choose the z-axis along the symmetry axis. Then the anisotropy of this initial Auger state is described only by the zero components of the statistical tensors (state multipoles). Its orientation is described by A 10 , A 30 and other odd-rank tensors while its alignment is described by even-rank tensors A 20 , A 40 , etc (see, e.g., Balashov et al 2000) . The maximal rank of the statistical tensors A k0 is limited by the condition k 2J i . The angular distribution of the emitted Auger electrons is determined by the expression (Kabachnik and Sazhina 1984) :
where ϑ is the emission angle, W 0 is the total Auger rate, P k (x) are the Legendre polynomials and α k are the intrinsic parameters characterizing the anisotropy of a particular transition. The longitudinal component of the spin of the Auger electron, i.e. the spin projection on the direction of electron motion may be written as (Klar 1980 , Lohmann 1998 )
Here δ k are the intrinsic parameters which determine the angular distribution of the longitudinal spin projection. Note that the sum in the numerator contains terms with only odd k values, while the sum in the denominator contains only even k terms. Explicit expressions for the intrinsic parameters in terms of Auger amplitudes were given by Klar (1980) , Kabachnik and Sazhina (1984) and Lohmann et al (1993) . Both intrinsic parameters may be expressed in terms of Auger amplitudes as follows (we use expressions obtained by Lohmann (1998) in a slightly modified form):
where
and
Here M J f (l)j is the amplitude of the Auger decay into the channel characterized by the angular momentum of the final ion (J f ) and the orbital and total angular momenta of the emitted electron (l and j ). The standard notation for the Clebsch-Gordan and 6j coefficients are used andĵ ≡ √ 2j + 1. The parameters are normalized so that α 0 = 1. In order to obtain the relation between the intrinsic parameters we consider the following sum:
where the index k runs over the values k = 0, 1, . . . , 2J i . Changing the order of summations one can sum over k for each value of j and j using the equation (Varshalovich et al 1988) kĴ
We note, that if J i > J f then for any M J f + 1 2 the right-hand side of equation (8) turns to zero independent of j, j due to the rule of projections in the Clebsch-Gordan coefficients. Therefore, the following equation holds:
for each M J f + 1 2
. We can rewrite it as follows: , J f = 0. It is known that if the final angular momentum J f = 0, only one exit channel is possible (j = J i ) and all intrinsic parameters are simply numbers independent of Auger matrix elements. In the case considered here the only existing intrinsic parameter is δ 1 = 1. Exactly the same equation follows from (10). Thus equation (10) . This case corresponds to the photoexcited resonant Auger transitions in closed-shell atoms to the s 1/2 or p 1/2 final states. Two intrinsic parameters α 2 and δ 1 are non-zero. Equation (10) gives for M = 1:
This relation is equivalent to the known equation for photoionization of the j = 1 2 subshell (Cherepkov 1983) . In fact, taking into account the known values of the alignment and orientation of the J i = 1 resonance (Kabachnik and Grum-Grzhimailo 2001) and using the standard notation for the dynamical parameters of photoionization we obtain − √ 2α 2 = β and √ 3δ 1 = √ 2(A − α). Thus equation (11) 
This relation determines the value of δ 3 if δ 1 and α 2 are known. Therefore, in this case experimental determination of δ 3 is not necessary, or better to say it will not give additional information.
, J f = 1. Equation (10) gives the following equation which already relates five intrinsic parameters:
Besides we have one more equation which is given by (10) with M = 5 2 :
As we show below, the latter equation, in fact, consists of two independent equations since the left and the right parts are separately equal to zero when J f = 1:
Therefore, in the considered case there are three equations connecting the intrinsic parameters δ k and α k . We note that equation (15) . Since the projection of the angular momentum of the system is conserved in the decay, the final-state projection should also be J f + 1 2 . Consider emission of Auger electrons along the z-axis. In this case, the orbital motion of the Auger electron does not give any contribution to the angular momentum projection, only spin can contribute. Finally, since the maximum possible projection of the final ion is J f we come to the conclusion that all Auger electrons should have only + 1 2 projection of the spin. Thus the Auger electrons emitted along the symmetry axis are in a pure quantum state and their spin is completely polarized 4 : P z = 1. This leads to equation (10). Indeed, using equation (2) for P at ϑ = 0 and putting it equal to unity we obtain
We remind the reader that
, where the statistical tensors ρ k0 (J i , J i ) are defined in term of the density matrix of the initial state (see, for example, Balashov et al 2000) . In our case, when only one substate is populated, the density matrix contains only one non-zero term. Thus
. Substituting (19) into (18) we obtain the relation (10) for the case
. 4 One particular case of this situation was considered by Grum-Grzhimailo and Mehlhorn (1997) .
there is an additional possibility to consider the initial population of the substate M = J f + 3 2 . Considering again Auger emission along the symmetry axis we note that it is impossible to satisfy the conservation law for the angular momentum projection. Therefore, the intensity of Auger electrons should be zero in the forward direction. Considering quite analogously to the previous case we obtain that the left and the right parts of equation (10) in this case should be equal to zero, and the equation itself naturally holds. In this particular case this leads to equations (16) and (17).
In conclusion, new relations between the intrinsic spin polarization parameters δ k and the angular anisotropy parameters α k are found for the Auger decay J i → J f when J i > J f . The physical explanation of their existence is found in the fact that there may be conditions in which the Auger electrons emitted along the symmetry axis are completely spin-polarized. Together with the relations already found (Schmidtke et al 2000 (Schmidtke et al , 2001 ) the new ones constitute a set of constrains which limit the possibility of extracting the matrix elements of Auger decay from polarization characteristics of the Auger electrons. We still do not know which and how many relations between the intrinsic parameters exist in the general case. We consider this letter as a step toward the solution of this problem.
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